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Abstract 
The experiment work consists of drilling an aluminium silicon nitride composite forged plate with 6% and 10% Si3N4 
reinforcement material using high-speed steel drill bit. The experiments were carried by varying cutting speed and feed rate. The 
experiment work involved measuring, machining time, circularity, cylindricity and surface roughness for each hole at different 
cutting conditions and to estimate the output parameters by sophisticated method of signal analysis like Artificial Neural Network 
(ANN). Machining was stopped at regular intervals of time to measure tool flank wear. The influence of network architecture is 
used to know the drilled hole status with different training sets viz. 30%, 50% and 70%. The optimum value was obtained at 70% 
training set. Result shows, ANN is reliable method for estimating. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET). 
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1. Introduction 
Drilling is one of the oldest and the most widely used of all machining processes, comprising about one third of 
all metal-machining operations. It is used to create or to enlarge a hole in a work piece by the relative motion of a 
cutting tool, called a drill or drill bit. The choice of a drilling method depends on the size, tolerance, and surface 
roughness. Metal Matrix Composites (MMCs) are new class of materials that consist of a non-metallic phase or 
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distributed in a metallic matrix with properties that are superior to each of the constituent used. Aluminium Matrix 
Composites (AMC) refers to a class of light weight and high performance aluminum centric material systems 
Mohammed Hayajneh et al. (2009). 
 
Nomenclature 
MMCs Metal Matrix Composites 
Si3N4  Silicon Nitride  
ANN Artificial Neural Network  
BPNN    Back Propagation Neural Network 
R            Regression coefficient value 
MLP      Multiple Layer Preceptron 
W           Weights 
b            Bias               
 
Several factors influence the quality of drilled holes. Delamination and surface finish in drilling composite 
materials have been found to be influenced by a number of factors such as feed rate, cutting speed, drill geometry, 
tool wear and tool material. Among the defects caused by drilling, delamination appears as to be of the most critical 
and may occur at both the entrance and exit plane of the material Sedlacek and Slany (2010). Metal Matrix 
Composites (MMCs) are new class of materials that consist of a non-metallic phase or distributed in a metallic 
matrix with properties that are superior to each of the constituent used. Aluminum Silicon Nitride (AlSi3N4) is a 
Metal Matrix Composite (MMC) has higher thermal conductivity of 170 – 230 W/mK and low material density of 
3.3 g/cm3 makes it ideal for weight sensitive applications. Silicon nitride possesses excellent anti friction properties 
coupled with good hot hardness, high corrosion, chemical resistance and outstanding wear resistance properties 
Ramesh et al. (2011). Which makes it suitable in the field of application like rotating bearing balls and rollers, 
precision shafts and axles in high wear environments etc., The hole quality is also one of the most important 
contribution factors to both the increase in productivity and the reduction of production cost for drilling intensive 
procedures.    Surface quality as well as both the circular shape and the straightness of the drilling determines the 
lifetime and the maximum injection pressure of a common-rail-system Abele (2008). Therefore the motor’s 
combustion efficiency as well as its fuel consumption is indirectly dependent on the quality of the drilled hole. The 
use of conventional twist drill is also popular in drilling of composites. Conventional metal-cutting drill tips were 
designed so that the tip heating the metal would provide the plastic flow needed for efficient cutting. Since 
composite material cannot tolerate this heat, production must be slowed down to keep the heat as low as possible. 
Drill design had to abandon cutting tips with negative rake and wide chisel point because the drill scrape the 
material and causes it to resists penetration by drill tip Asafa et al. The operator must exert pressure to drill the hole, 
and pressure causes heat buildup which causes thermal expansion this dominant effect leads to oversized holes with 
diameters that increase with depth Hocheng and Tsao (2006). Aluminum is commonly machined with high speed 
steel, diamond and carbide tooling. However, silicon nitride- based ceramic tools are generally not used in 
aluminum because of the high solubility of silicon in aluminum Senthil babu and Vinayagam (2012). The present 
work is to monitor the status of drilled hole status based on surface roughness, circularity and cylindricity on the 
measured parameters like machining time, tool flank wear. Sophisticated diagnosing methods like ANN will be 
used. Finally, the theoretical results will be compared with the experimental results. 
Artificial neural networks are considered as artificial intelligence modeling techniques. They have highly 
interconnected structure similar to brain cells of human neural networks and consist of large number of simple 
processing elements called neurons, which are arranged in different layers in the network. Each network consists of 
an input layer, an output layer and one or more hidden layers. One of the well-known advantages of ANN is that the 
ANN has the ability to learn from the sample set, which is called training set, in a supervised or unsupervised 
learning process. Once the architecture of network is defined, then through learning process, weights are calculated 
so as to present the desired output Mark Hudson Beale et al. (2012). Recently artificial neural network have taken a 
great deal of attention as a prediction and modeling tool in many research areas; such as electronics, automotive, 
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robotics, medical diagnosis, chemistry, etc. Artificial neural network can be used in such application as prediction, 
classification, recognition and modeling. It can be defined as massive parallel-distributed processors, which have 
natural tendency to store experimental knowledge and making it available to use Rasit Koker et al. (2007). The most 
critical elements of a feed forward ANN architecture are the number of hidden layers and hidden neurons. These are 
also the elements that largely affect the generalization ability of the ANN model as a too complex model may over 
fit the training data and thus exhibit poor generalization while a not complex enough model may be insufficient to 
approximate the potential non-linear correlations in the training data Benardos and Vosniakos (2007).  
In this present study estimation of output parameters like surface roughness, circularity, cylindricity, is estimated 
using neural network fitting tool with different training sets viz., 30%, 50% and 70%.  In each training sets output 
parameters which training set has provided better estimation with less number of hidden neurons. 
2. Experimental Work   
The experimental work consists of drilling aluminium silicon nitride forged composite material using High-Speed 
steel drill bit of 6mm diameter. The machining was carried out in an EIFCO automatic drilling machine tool. 
Various signals like, surface roughness, circularity, cylindricity, and tool flank wear obtained by surfcom flex , tool 
makers microscope (to measure both circularity , cylindricity and tool flank wear) and digital internal micrometer to 
measure the dimension of hole in between the entry and exit of the hole respectively, were acquired during drilling. 
Experimental set-up is as shown in the Fig. 1, the drill bit specification and composition of work material is given in 
the Table 1, Table 2 and Table 3 respectively. 
 
 
Fig. 1. Experimental Set-up 
The experiments were conducted for different spindle speed and feed rate. The cutting speeds considered are 360 
rpm, 490 rpm and 680 rpm. Feeds considered are 0.095 mm/rev, 0.190 mm/rev and 0.285 mm/rev. In all the cutting 
conditions for each hole, machining time and tool flank wear was measured.  
Table 1. Drill bit specification 
Tool material High speed steel  
Diameter of the drill bits used 6mm  
Chisel edge angle 120˚ to 135˚  
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Helix angle or rake angle 
Point angle 
Lip clearance angle 
30˚ 
30˚ 
12˚ 
 
Table 2. Composition of 6% Si3N4 reinforcement work material 
Material %                            Hardness 
Cu 0.39  
Mg 0.92  
Si 
Fe 
Mn 
Pb 
Ti 
Zn 
Al 
0.81 
0.28 
0.04 
0.012 
0.12 
0.001 
Balance 
 
 
        49.5 
Table 3. Composition of 10% Si3N4 reinforcement work material 
Material %                        Hardness 
Cu 0.47  
Mg 0.76  
Si 
Fe 
Mn 
Pb 
Ti 
Zn 
Al 
0.68 
0.24 
0.02 
0.024 
0.015 
0.008 
Balance 
 
 
        54.3 
3. Result and discussions 
Initially, simple functional relations between the parameters have been plotted to derive a basis for more detailed 
analysis and arrive at possible information to monitor the drilled hole status based on surface roughness, circularity 
and cylindricity. 
3.1 Effect of Speed and Feed on cylindricity, circularity and surface roughness 
Fig. 2 shows the effect of tool flank wear for 6% and 10% Si3N4 reinforcement material and it is clear that tool 
flank wear is more in 10% Si3N4. As the percentage of reinforcement is different in both the material which in turn 
increases the hardness of the material which makes use of more cutting force to cut harder material or offers more 
resistance to cut. 
Fig. 3 shows the effect of surface roughness for both the material and it can be observed that 10% Si3N4 
reinforcement is shows better surface roughness as compared to 6% Si3N4 reinforcement material. 
Fig. 4 and Fig. 5 shows the effect of circularity and cylindricity for both the material of 6% and 10% Si3N4 
reinforcement material it is observed that in 10% Si3N4 reinforcement material gives better results. In circularity 
with increase in feed rate increases the thrust forces during drilling causing the main shaft of the machine to scat and 
the hole deviate from being circular at an higher speed. In case of cylindricity enlargement of the hole at entry could 
1784   B.M. Umesh Gowda et al. /  Procedia Materials Science  6 ( 2014 )  1780 – 1787 
have caused by the wobbling of drill bit during positioning at higher speed also, heat generated by this process can 
lead to the thermal expansion of the drill and work piece. 
 
  
Fig. 2 Effect of flank wear at a speed of 680 rpm and feed rate of 
0.285mm/rev 
Fig. 3 Surface roughness (Ra) at a speed of 680 rpm and feed rate of 
0.095mm/rev 
  
Fig.4. Effect of circularity at a speed of 360 rpm and feed rate of 
0.095mm/rev 
Fig. 5. Effect of cylindricity at a speed of 360 rpm and feed rate of 
0.095mm/rev 
3.2 Estimation of Surface Roughness (Ra) by Artificial Neural Network (ANN) 
From these simpler methods of analysis of the signals measured during drilling, it was not possible to arrive at a 
decision about the output parameters. Thus, there is a requirement for more sophisticated and intelligent methods of 
signal analysis, like ANN which is used to monitor the drilled hole status based on mentioned output parameters. 
Artificial Neural Network is used to know the status of drilled hole based on surface roughness. Graphs of R co-
efficient value versus number of neurons were plotted for different speed and feed rate for one hidden layer to make 
further discussion. Fig. 6 shows the variation in R value for the surface roughness for various numbers of neurons 
during the training set of 30%, 50% and 70% in 6% Si3N4 reinforcement material. 
For 13 neurons at 70% training set the estimation of surface roughness is found well with the regression co-
efficient value of 0.99857. Where R co-efficient value nearer to one represents good correlation between input and 
output values. Fig.7 shows the variation in R value of the surface roughness for various numbers of neurons and 
different training set for 10% Si3N4 reinforcement material. 
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Fig.6. Variation in R value of surface roughness for different training 
sets for full training set data of 6% Si3N4 reinforcement material 
Fig. 7. Variation in R value of surface roughness for different training 
sets for full training set data of 10% Si3N4 reinforcement material 
 
From the above graph it is seen that 70% training set establishes better correlating between the input and output 
values. Also the regression co-efficient value for 10% Si3N4 reinforcement material at 16 neurons is found to be 
0.99775. From both the observation of 6% and 10% Si3N4 reinforcement material it is seen that for estimation of 
surface roughness for 6% Si3N4 reinforcement  material has used less neurons with good regression co-efficient 
value  when compared to the 10% reinforcement material. 
3.3 Estimation of Circularity by Artificial Neural Network (ANN) 
Fig. 8 and Fig. 9 shows the variation of R co-efficient value for circularity for various numbers of neurons during 
the training set of 30%, 50% and 70% in 6% and 10% Si3N4 reinforcement material. 
 
 
Fig. 8. Variation in R value of circularity for different training sets for 
full training set data of 6% Si3N4 reinforcement material 
Fig. 9. Variations in R value of circularity for different training sets for 
full training set data of 10% Si3N4 reinforcement material 
 
From the Fig. 8 and Fig. 9 it is seen that 70% training set is providing better R co-efficient value when compared 
to other training sets. For 6% Si3N4 reinforcement material R value is found to be 0.99632 at 13 neurons whereas 
10% Si3N4 reinforcement material R value is found to be 0.99718 at 17 neurons. 
3.4 Estimation of Cylindricity by Artificial Neural Network (ANN) 
Fig. 10 and Fig. 11 shows the variation of R co-efficient value for cylindricity for various numbers of neurons 
during the training set of 30%, 50% and 70% in 6% and 10% Si3N4 reinforcement material. 
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Fig. 10. Variation in R value of cylindricity for different training sets 
for full training set data of 6% Si3N4 reinforcement material 
Fig. 11. Variation in R value of cylindricity for different training sets 
for full training set data of 10% Si3N4 reinforcement material 
 
From the Fig. 10 and Fig. 11 it is seen that 70% training set is providing better R co-efficient value when 
compared to other training sets. For 6% Si3N4 reinforcement material R value is found to be 0.99827at 11 neurons 
whereas 10% Si3N4 reinforcement material R value is found to be 0.99687at 12 neurons. It is found that 
performance of 70% training set to be good and less number of neurons are used to get good correlation between the 
output and target value. Depending upon the non linearity between the in input and output values, network uses 
different neurons to get a better estimation results. 
4. Conclusion 
Present work involves the monitoring the drilled hole status of composite material based on surface roughness, 
circularity and cylindricity, with the parameters like machining time, tool flank wear. Both experimental and 
theoretical approaches were used to monitor the drilled hole status based on output parameters. The experimental 
work involved drilling aluminum silicon nitride composite forged plate with 6% and 10% Si3N4 reinforcement 
material using high-speed steel drill bit of diameter 6mm. The methodology adopted, in brief, is described as 
follows. Several structure of neural network with different number of neurons in a single hidden layer were trained, 
validated and tested to find the best structure with R value nearer to one. Network architecture is found using a 
single hidden layer and varying the number of hidden neurons. The neural network was designed by learning the 
process to make possible for efficient estimation. 
The optimum R value for different output parameters was obtained at 70% of training set because as it takes 
sufficient amount of samples for training which gives better correlation between output and target values with 
minimum number of neurons and iterations. Other training sets can produce results at more number of iterations and 
neurons to get better results. 
It is indicated that the relationship between the measured parameters was well represented by the proposed model 
with 70% training set with 6% Si3N4 reinforcement material. 
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